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WLPHUHTXLUHPHQWVVXFKDVG\QDPLFDOO\FKDQJLQJWKHPHWULFWLPHIUDPHRUGLVSOD\PRGHFDQRQO\EHVDWLVILHGZLWK
DZLGHUDQJHRIIXQFWLRQDOO\FRPSOH[LQVWUXPHQWV
,Q RUGHU WR DFFRPPRGDWH IRU WKLV FRPSOH[LW\ WKH LPSOHPHQWDWLRQ RI VXFK V\VWHPV PXVW EH YHUVDWLOH  EDVLF
KDUGZDUH VKRXOG VXSSRUW DV PXFK IXQFWLRQDOLW\ DV SRVVLEOH 7KLV LV WKH SULQFLSOH EHKLQG YLUWXDO LQVWUXPHQWDWLRQ
ZKLFKOHYHUDJHVFRPPHUFLDOO\DYDLODEOHWHFKQRORJLHVWRSURYLGHDSODWIRUPIRUVRSKLVWLFDWHGPHDVXUHPHQWV\VWHPV
9LUWXDO LQVWUXPHQWDWLRQDOORZVPXOWLOHYHOVROXWLRQVZKLFKSURYLGHGLVWULEXWHGDFFHVVWRIXQFWLRQDOSDUDPHWHUVDQG
ILQHJUDLQHG FRQWURO RYHU YDULRXV OD\HUV RI DEVWUDFWLRQ 7KLV LV SDUWLFXODUO\ LPSRUWDQW LQ WHFKQRORJLFDO SURFHVVHV
VSUHDG DFURVV ZLGH JHRJUDSKLFDO DUHDV ZKHUH WKH IXQFWLRQDO SDUDPHWHUV WKDW FRQWURO WKH GLVWULEXWHG ILHOG VHQVRUV
PXVWEHFHQWUDOL]HG
2QH RI WKH PDLQ FKDOOHQJHV LQ LPSOHPHQWLQJ GLVWULEXWHG YLUWXDO LQVWUXPHQWDWLRQ VROXWLRQV LV WR FRQQHFW WKH
SK\VLFDOILHOGGHYLFHVZKLFKFROOHFWWKHGDWDWRWKHYLUWXDOLQVWUXPHQWDWLRQPRGXOHV7KHSHUIRUPDQFHRIWKHQHWZRUN








5HVRXUFH SODQQLQJ DQG QHWZRUN GHVLJQ LQ WKH FRQWH[W RI YLUWXDO LQVWUXPHQWDWLRQ KDYH EHHQ DSSURDFKHG IURP
YDULRXV DQJOHV )RU LQVWDQFH -DPRQW HW DO >@ SURSRVH D VROXWLRQ EDVHG RQPXOWLDJHQW VHOIRUJDQL]LQJ SURFHVVHV
ZKLFK LVDSSOLFDEOH LQ WKHFDVHRIZLUHOHVVRURWKHUFRPSOH[QHWZRUNV+RZHYHU WKHLUGHVLJQFDQQRWKDQGOHVWDWLF
QHWZRUNV,QFRQWUDVWZHSURSRVHDVROXWLRQWKDWLVDSSOLFDEOHIRUQHWZRUNVWKDWDUHQRWG\QDPLFDOO\UHFRQILJXUDEOH
%HUXWL HW DO >@ SURYLGH D SHUIRUPDQFH HYDOXDWLRQ RI PHDVXUHPHQW GDWD DFTXLVLWLRQ V\VWHPV LQ D GLVWULEXWHG




7KHUHPDLQGHURI WKLVSDSHU LVVWUXFWXUHG LQ WKH IROORZLQJZD\ WKH5HVHDUFK0HWKRGRORJ\VHFWLRQSURSRVHVDQ








FRQWURO PRGXOHV ZKLFK DUH SRWHQWLDOO\ VSUHDG DFURVV D ZLGH JHRJUDSKLFDO DUHD 7KLV FRQILJXUDWLRQ UHTXLUHV D
FRPPXQLFDWLRQLQIUDVWUXFWXUHWRIDFLOLWDWHERWKSK\VLFDODQGORJLFDOFRQQHFWLYLW\3ODQQLQJFRPPXQLFDWLRQUHVRXUFHV
LV WKHUHIRUH D FUXFLDO SDUW RI GHVLJQLQJ WKH V\VWHP ,Q RUGHU WR HVWLPDWH WKHVH YDOXHV ZH EXLOW DQ H[SHULPHQWDO
SODWIRUPGHVFULEHGEHORZ
:H GHYHORSHG WKLV H[SHULPHQWDO SODWIRUP LQ /DE9LHZ  DQG WHVWHG LW LQ D ODERUDWRU\ HTXLSSHG ZLWK
FRPPXQLFDWLRQEDQGZLGWKFRQWURO)LJXUHVDQGGHVFULEHWKHDUFKLWHFWXUHRIRXUVROXWLRQ
















 XVLQJ WKH QDWLYH OLEUDULHV 7KH 7&3,3 FRPPXQLFDWLRQ DQG WKH RWKHU ZHE FRPSRQHQWV UHVSRQVLEOH IRU GDWD
DFTXLVLWLRQDQGWUDQVIHUZHUHLPSOHPHQWHGXVLQJWKH/,1;OLEUDU\
:HFRQGXFWHGRXU UHVHDUFKE\ UXQQLQJPXOWLSOH WHVWV YDU\LQJ WKHQXPEHURIFOLHQWVDQG WKHQXPEHURIYLUWXDO
LQVWUXPHQWVXVHGE\WKHFOLHQWV
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'LVFXVVLRQVDQG5HVXOWV


















,Q RUGHU WR HVWDEOLVK WKH UHTXLUHPHQWV IRU WKH GDWD FRPPXQLFDWLRQ QHWZRUN IRU D YLUWXDO LQVWUXPHQWDWLRQ
DSSOLFDWLRQ EDVHG RQ WKH DERYH SURSRVHG PRGHO ZH LGHQWLILHG WKH IROORZLQJ UHODWLRQVKLS ZKLFK H[SUHVVHV WKH
PLQLPXPUHTXLUHG UHDOWLPH FRPPXQLFDWLRQEDQGZLGWKDVD IXQFWLRQRI WKHQXPEHURIFOLHQWV WKDWZLOO DFFHVV WKH
LQVWUXPHQWDWLRQVHUYHU
    F F FY Q Q Q         
)LJXUH  GHSLFWV WKH IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH QXPEHU RI FOLHQWV WKDW PDNH UHTXHVWV WR WKH
LQVWUXPHQWDWLRQ VHUYHUDQG WKHQHFHVVDU\FRPPXQLFDWLRQEDQGZLGWK ,QRUGHU WRYDOLGDWH WKH VROXWLRQSURSRVHG LQ





GHVLJQ SURFHVV DQG DOORZ TXLFN GHYHORSPHQW VXFK DV JUDSKLFDO ODQJXDJHV 6HFRQG ZH QHHG VSHFLILFDWLRQV DQG
GHYHORSPHQWPHWKRGRORJLHVWKDWHVWDEOLVKUHXVDEOHSDWWHUQVDQGOD\FRPPRQJURXQGDFURVVYDULRXVV\VWHPV,QWKLV
SDSHUZHPDGHXVHRI/DE9LHZDSRSXODUJUDSKLFDO ODQJXDJH LQRUGHU WRGHYHORSDQH[SHULPHQWDOSODWIRUPDQG
GHVLJQDVROXWLRQWRRXUSUREOHPKRZWRFKRRVHDQGHYDOXDWHWKHQHFHVVDU\FRPPXQLFDWLRQEDQGZLGWKLQWKHFRQWH[W
RI GLVWULEXWHG YLUWXDO LQVWUXPHQWDWLRQ )XWXUH GHYHORSHUV FDQ EXLOG XSRQ RXU VROXWLRQ IRU UHVRXUFH DOORFDWLRQ
PDQDJHPHQWDQGQHWZRUNFRQILJXUDWLRQ
7KHPDLQFRQFOXVLRQGUDZQIURPRXUH[SHULPHQWVLVWKDWWKHGHVLJQRIPXOWLFOLHQWGLVWULEXWHGDSSOLFDWLRQVPXVW
WDNH LQWR DFFRXQW WZR IDFWRUV WKH H[LVWLQJ FRPPXQLFDWLRQ EDQGZLGWK DQG WKH DPRXQW RI GDWD VHQW DFURVV WKH
QHWZRUN)RULQVWDQFHZHUDQDFRXSOHRIH[SHULPHQWVRQDQ(WKHUQHWQHWZRUNZLWKWHQFOLHQWV(DFKRIWKHVHFOLHQWV

























































   Estimation function
